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METHOD AND APPARATUS TO CREATE ELECTRICAL JUNCTIONS FOR 
INFORMATION ROUTING IN TEXTILE STRUCTURES 

STATEMENT REGARDING FEDERALLY SPONSORED 
RESEARCH OR DEVELOPMENT 

The U.S. government has a paid-up license in this invention and the right in limited 

circumstances to require the patent owner to license others on reasonable terms as provided for 

by the terms of Contract # F30602-00-2-0564 awarded by the Defense Advanced Research 

Projects Agency of the U.S. Department of Defense. 

TECHNICAL FIELD 

The present invention is generally related to a fabric or garment, and a method for 
creating a network of sensors in such substrate and more particularly to a method and apparatus 
for creating electrical junctions for information (signal) routing paths within the same. 

BACKGROUND 

Sensors and sensor networks are pervasive - from homes to battlefields, and everywhere 
in-between. They are facilitating information processing anytime, anywhere for anyone. 
Likewise, textiles are pervasive and span the continuum of life from infants to senior citizens; 
from fashion to functionality; and from daily clothing to geotextiles. Today's individual is 
extremely active - or dynamic - and is demanding. The explosion of technology - electronics, 
computing and communications in the form of sensors and sensor networks - has fueled this 
demanding nature of the individual seeking connectivity and interactivity with surrounding 
objects and the environment. Also, textiles provide the ultimate flexibility in system design by 
virtue of the broad range of fibers, yarns, fabrics, and manufacturing techniques that can be 
deployed to create products for desired end-use applications. 

The "technology enablers" - sensors and sensor networks - must be effectively 
incorporated into traditional textiles to add the third dimension of intelligence to textiles 
resulting in the next generation of "Interactive Textiles" or "/-Textiles," and pave the way for the 
paradigm of "fabric is the computer" - the ultimate integration of textiles and information 
processing or computing. 
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To-date, no such automated and/or scalable method or technology for information routing 
has been shown in the art. Thus, a heretofore unaddressed need exists in the industry to address 
the aforementioned deficiencies and inadequacies. 

SUMMARY 

Provided are systems and/or apparatuses and methods for creating data paths or 
information routes by forming junctions between conductive fibers, between a conductive fiber 
and a sensor, or a connector (for sensor or data output), or both that are incorporated into a fabric. 

Briefly described, one embodiment of the method among others, can be summarized by 
the following steps: bringing individually conductive fibers into contact with each other at a 
junction point; and forming a bond between the conductive fibers at the junction point. The 
method may also include the steps of depositing a conductive paste at the junction of the two 
fibers and/or removing insulation from two intersecting individually insulated conductive fibers 
to expose the individually conductive fibers. 

Also provided herein are systems and apparatuses for forming a junction between 
conductive fibers that are incorporated into a fabric. In this regard, one embodiment of such a 
system can include an apparatus that brings the exposed individually conductive fibers into 
contact with each other at the junction, and a second apparatus that aids in formation of a bond 
between the conductive fibers at the said junction. In one embodiment, the system is situated in a 
fabric manufacturing assembly line. In an alternative embodiment, the system further comprises 
a turntable into which each of the first, second, and third apparatuses is incorporated. 

Other systems, methods, features, and advantages of the disclosed systems, apparatuses, 
and methods will be or become apparent to one with skill in the art upon examination of the 
following drawings and detailed description. It is intended that all additional systems, 
apparatuses, methods, features, and advantages be included within this description, be within the 
scope of the present invention, and be protected by the accompanying claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Many aspects of the disclosed systems and methods for forming junctions between 
conductive fibers and creating data paths or information routes within the fabric (or garment) can 
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be better understood with reference to the following drawings. The components in the drawings 
are not necessarily to scale, emphasis instead being placed upon clearly illustrating the principles 
of the present invention. Moreover, in the drawings, like reference numerals designate 
corresponding parts throughout the several views. 

FIG. 1 illustrates an embodiment of a fabric incorporating a network of sensors that can 
be, optionally, fashioned into a wearable garment. 

FIG. 2 illustrates the resultant junction of intersecting electrically conductive fibers using 
the disclosed systems and apparatuses. 

FIG. 3 illustrates an exemplary information route or data path established between the 
sensor and data output connector at the respective ends of the two fibers through the electrical 
junction formed in FIG. 2. 

FIG. 4 illustrates an exemplary network of information routes between sensors and data 
output devices through the electrical junctions in FIG. 2 established over a large surface area. 

FIG. 5 illustrates an ultrasonic welding device used in one embodiment of the disclosed 
system to form the junction of FIG. 2. 

FIG. 6 illustrates a system used to implement one exemplary embodiment for forming the 
junction of FIG. 2. 

FIG. 7 illustrates an alternative system used to implement another exemplary embodiment 
for forming the junction of FIG. 2. 

FIG. 8 illustrates an embodiment of a textillography device that may be used in the 
system of FIG. 7 

FIG. 9 illustrates one embodiment of a method of using the textillography device of FIG. 
8 to form a junction of conductive fibers in a fabric. 

DETAILED DESCRIPTION 

Figure 1 is a conceptual representation of this integration between a textile fabric and a 
network of sensors leading to an intelligent information infrastructure that is customizable, has 
the typical look and feel of traditional textiles, and has the ability to meet a host of demands 
ranging from those of dynamic individuals to the deployment of a massive number of sensors and 
information processing devices over large surface areas in the environment. The term /-Textiles 
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conveys the "dynamic" or "interactive" nature of these new structures that goes beyond the 
passive incorporation of "electronic" elements into textile structures. 

With /-Textiles, information is routed between the various sensors and information 
processing devices through the fibers/yarns in the fabric. These sensors and devices may be 
distributed anywhere on the fabric depending on the field of application, but they must interact 
with each other through the fabric on which they are mounted. Therefore, a "data path" or 
"information route" must be established in the fabric for the communication channels between 
the sensors/devices on it and with external devices - either connected physically or via wireless 
communication. Since the numbers and types of sensors/devices deployed will depend on the 
end-use application, there is a need for a robust, automatic and cost-effective information routing 
technology. 

The disclosed methods and systems produce an electrical junction in a fabric that has a 
multi-functional information infrastructure integrated within the fabric. The junction can be 
formed either "on-line" while the fabric is being formed, or "off-line" after the fabric is formed. 

The information infrastructure component can be a conductive fiber made from 
"intrinsically conductive polymers." Electrically conducting polymers have a conjugated 
structure, i.e., alternating single and double bonds between the carbon atoms of the main chain. 
For example, polyacetylene can be prepared in a form with a high electrical conductivity and its 
conductivity can be further increased by chemical oxidation. Many other polymers with a 
conjugated carbon main chain have shown the same behavior, e.g., polythiophene and 
polypyrrole. 

Other conducting fibers that can be used as an information infrastructure component are 
those doped with inorganic or metallic particles. The conductivity of these fibers is quite high if 
the fibers are sufficiently doped with metal particles, but this makes the fibers less flexible. 
Examples of thermoplastic conductive material that can be doped and used as the conductive 
fibers include nylon, polyester, and vinyl. 

Metallic fibers, such as copper and stainless steel insulated with polyethylene or polyvinyl 
chloride, can also be used as the conducting fibers in the fabric. With their exceptional current- 
carrying capacity, copper and stainless steel are more efficient than any doped polymeric fibers. 
Also, metallic fibers are strong and they resist stretching, neck-down, creep, nicks, and breaks 
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very well. Therefore, metallic fibers of very small diameter, e.g., of the order of 0.1 mm, are 
sufficient to carry information from the sensors to the monitoring unit. Even with insulation, the 
fiber diameter is preferably less that 0.3 mm, and hence these fibers are very flexible and can be 
easily incorporated into the fabric. 

Thus, the preferred electrical conducting materials for the information infrastructure 
component for the fabric are: (i) doped nylon fibers with conductive inorganic particles and 
insulated with PVC sheath; (ii) insulated stainless steel fibers; and (iii) thin gauge copper wires 
with polyethylene sheath. All of these fibers can readily be incorporated into the fabric and can 
serve to transmit signals through them. An example of an available conducting fiber is X- 
STATIC® coated nylon with PVC insulation (T66) manufactured by and commercially available 
from Sauquoit Industries of Scranton, Pennsylvania, USA. An example of an available thin 
copper wire is 24-gauge insulated copper wire from Ack Electronics of Atlanta, Georgia, USA. 

Examples of high conductivity yarns suitable for use as the electrical conducting 
component include BEKINOX® and BEKITEX®, manufactured by and commercially available 
from Bekaert Corporation, Marietta, Georgia, USA, which is a subsidiary of Bekintex NV, 
Wetteren, Belgium. BEKINOX VN brand yarn is made up of stainless steel fibers and has a 
resistivity of 60 ohm-meter. The bending rigidity of this yarn is comparable to that of the 
polyamide high-resistance yarns and can be easily incorporated into the information 
infrastructure in our present invention. BEKITEX BK50 is a polyester spun yarn with 20% 
stainless steel fibers, and can be used in the fabric to obtain electrostatic control or electrical 
conductivity. The conductive fibers can be woven into a fabric in the warp or filling direction or 
both. Additionally, the fabric/garment with the conductive fiber can be knitted, as opposed to 
being woven. 

Creating Electrical Junctions in the Fabric 

The disclosed methods relate to forming physical data paths, e.g., realizing "electrical 
junctions" in the fabric that include the conductive fibers. A robust and cost-effective junction 
technology is desirable for creating /-Textiles. The disclosed methods and systems relate to a 
"scalable" junction technology that facilitates the production of the fabric on a large scale {e.g., 
quantity-wise) and dimension (e.g., on larger surface areas). This junction technology will be 
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referred to herein as "textillography." Textillography enables the rapid realization of information 
routing architectures in textile structures. Preferably, the disclosed methods and systems are 
automated, although the steps can also be performed manually. Automation is preferred for the 
reproducibility and repeatability of the various steps to create a uniform product on a continuous 
basis and in large quantities, if desired. 

Electrical junctions between conductive fibers incorporated into the fabric can be 
achieved by the following operations, some of which are optional: 

1. Removal of any insulation on the conductive fibers at the zone of the desired junction 
where selected fibers intersect (also called the "intersection zone"); 

2. Establishment of the junction between the conductive fibers at their intersection zone; 

3. Optional application of a conductive paste; 

4. Optional insulation of the junction point to prevent undesirable short circuits; and 

5. Optional attachment of a sensor or connector (for sensor or data output). 

The details of the various steps are presently discussed. The steps of the following 
process are carried out in an automated fashion, either on-line during formation of the fabric, or 
off-line after the fabric has been formed. 

1 . Removal of insulation 

In order to make a connection of intersecting conductive fibers, it may be desirable to 
remove any insulation present at the junction of the two fibers. This can be done by any one of a 
number of ways. Suitable removal techniques include chemical etching, mechanical removal, 
and any spot welding technique such as ultrasonic welding, laser light application, or other 
localized heating technique. Preferably, the junction zone is chemically softened for the effective 
removal of the insulation, such as a vinyl sheath. The process variables for chemical etching are: 
(i) the amount of insulation present; (ii) the chemical used in the process; (iii) the concentration 
of the chemical; (iv) the amount of chemical applied; and (v) duration of chemical application. 
For instance, acetone has been found to work quite well as a chemical-softening agent for 
insulation such as a vinyl sheath. 

In some cases, the conductive fibers may not be insulated. In such cases, it would not be 
necessary to carry out this step. 
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2. Establishment of the junction between the electrical conductive fibers at an intersection 

zone 

The next step is to establish a junction between the electrical conductive fibers, as shown 
in FIG. 2 at the cross-section between two or more fibers. In one embodiment, the intersection 
zone is "excited" using an ultrasonic welding device that helps establish the desired contact 
between the fibers in the fabric. A Pinsonic ultrasonic quilting machine, for example, may be 
used as the ultrasonic welding device. The Pinsonic machine, manufactured by Morrison 
Berkshire Inc. of North Adams, Massachusetts, US, eliminates the need for additional adhesive 
products to be incorporated in the product even when joining materials with different melting 
points. 

Another exemplary ultrasonic welding device 150 is illustrated in FIG. 5. The ultrasonic 
welding device 150 includes an anvil 118 and a sonotrode 120. The anvil 1 18 is usually made of 
hardened steel and has a pattern of raised areas machined into it. Disposed between the anvil 118 
and the sonotrode 120 is the fabric 110 that includes two intersecting fibers (as shown in greater 
detail in FIG. 2). In FIG. 5, the fibers are depicted at the junction point 152 as a fiber 154 in the 
x-direction and a fiber 156 in the y-direction. 

Energy needed for the ultrasonic welding is applied in the form of mechanical vibrations 
imposed on the fibers 154, 156. The sonotrode 120 is connected to the part of a joint turned 
towards it, which causes it to vibrate in a longitudinal direction. The other part of the joint does 
not move, as this is secured to a fixed anvil 1 18. In order for a relative vibration movement to be 
incurred between the fibers 154, 156 which are to be joined, the connecting surfaces of the 
sonotrode 120 and the anvil 118 feature a specific configuration. 

An ultrasonic generator converts the main current into a high frequency AC current with a 
certain operating frequency. The power requirement depends on the application and can be from, 
for example, 500 to 10,000 watts (W). The electrical vibrations are changed in a converter unit 
(not shown) into mechanical vibrations of the same frequency, transferred via a booster (a 
transformer unit, also not shown) and the sonotrode 120 onto the fibers 154, 156 that are to be 
joined. A control unit can control and monitor the welding process and also allow for the 
electronic assessment of the relevant welding parameters. 
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In metallurgical terms, ultrasonic metal welding is classified as a "cold welding process." 
Because of intense friction at the welding points the insulating skin is broken open and the two 
fibers 154, 156 pressed together at the junction point 152, while at the same time pressure is 
exerted. These processes trigger the action of atomic-binding forces. The relatively small 
temperature increase is far below the melting temperature of the fibers, and makes little 
contribution to the bonding. As there are no structural changes to the fibers, the ultrasonic 
welding process does not suffer from the adverse effects that such changes can bring. 

In other embodiments, the junction between the electrical conductive fibers can be 
accomplished in a manner other than ultrasonic bonding. For example, chemical bonding, 
etching, or heating can be used to accomplish the desired junction. 

3. Optional application of a conductive paste 

The junction 152 between the conductive yarns can be further established by applying a 
conductive paste in the intersection zone between the conductive yarns/fibers 154, 156. Process 
variables include: (i) the properties of the conductive paste used in the process; and (ii) the 
quantity of the paste applied to the intersection zone. The conductive paste should be chosen 
such that it offers only minimum electrical resistance, adheres well to the conductive fibers 154, 
1 56, and does not chemically react with either the conductive fibers 1 54, 1 56 or the other 
components of the fabric. Based on these requirements, Magnolia Product 3870, a silver- filled 
epoxy, room temperature curing paste, is a suitable conducting paste. The Magnolia Product 
3870 is manufactured by and commercially available from Magnolia Plastics, Inc. of Chamblee, 
Georgia, USA. It also cures well at room temperature and does not react with a polyamide 
conductive yarn/fabric. Another example of a conductive paste is DuPont's product 4922N, a 
silver composition thinner. 

4. Optional insulation of the junction point 

The junction point 152 may be further re-insulated to prevent it from shorting in the 
presence of moisture. For example, a polyester/urethane based resin can be used to insulate the 
junction point 152. The insulating layer preferably does not chemically react with the optional 
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conductive paste or other components in the fabric. Further, the insulation should adhere well to 
the paste and offer adequate insulation. 

5. Optional attachment of a sensor or sensor/data output connector 
Additionally, if desired, either a sensor or a sensor/data output connector, such as a T- 
connector, can be attached at the junction point 152. The T-connector can connect a sensor, such 
as a GPS sensor, environmental sensor, an EKG sensor or a microphone to the fabric (FIGs. 3 
and 4). 

Textillography Systems and Methods 

There are primarily two modes in which the textillography technology and above process 
can be applied to the fabric: on-line {e.g., during production of the fabric) or off-line {e.g., after 
the fabric has already been woven or knitted), each with its own set of advantages. For instance, 
the fabric's topology is defined and better controlled while it is being produced, which makes on- 
line textillography advantageous. The overall fabric production process, though, may be slowed, 
thus affecting fabric production rate if the textillography process is carried out on-line. 

1 . Off-line textillography 

FIG. 6 depicts the system 100 that performs the off-line textillography, and also shows 
the sequence of operations for one embodiment of the above-described method of creating a 
junction. At optional Step 1, a fabric 1 10 that includes intersecting electrical conductive fibers is 
disposed between a placing table 112 and a masking device 114 with dispensers 116. The 
masking device 1 14 may be, for example, a mesh. The masking device may be patterned with a 
via at the intersection of the electrical conductive fibers. As such, the masking device 1 14 aids in 
identifying the desired location for the electrically conductive bond between all or select 
intersecting electrical conductive fibers or conductors. 

A solvent is applied at the desired junction point by pressing it through the dispensers 116 
of mesh 114. As noted previously, the solvent is used to dissolve any insulation around the fibers 
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specifically at the location of the junction point 152. Thus, if no insulation is present at the 
desired intersection zone, there is no need to carry out this optional step. 

At Step 2, the fabric 1 10 is moved to a separate station where it undergoes the 
establishment of an electrical connection between the fibers. As noted above and shown in FIG. 
6, preferably the junction is established with the ultrasonic welding device 150. At this station, 
the fabric 1 10 is placed between the anvil 118 and the sonotrode 120. After Step 2, the fabric 
110 has embossed junction points 122 according to the profile of the anvil 118. Thus, the 
ultrasonic welding device 1 14 can also aid in identifying the desired location for the electrically 
conductive bond between all or select intersecting electrical conductive fibers or conductors. 
Alternatively, at this station, the junctions also can be established through chemical bonding or 
laser etching. 

At optional Step 3, a conductive epoxy is placed at junction points 152 at a separation 
station by, for example, pressing it through the dispensers 1 16 of mesh 1 14. Additional stations 
or steps may be provided where the junction points 152 can be re-insulated, and optional sensors 
or connectors may be applied. The off-line system 100 may be in the form of a "turn-table" type 
configuration as shown, or in a straight assembly-line process. The system is preferably designed 
so that multiple pieces of fabric can be processed in sequence, and/or at the same time to 
facilitate the processing of long and/or wide lengths of fabric. 

2. On-line textillography 

FIG. 7 depicts the system 160 that performs the on-line textillography. Using this on-line 
system 160, the junction points 152 are formed during production of the fabric 110. While the 
system 160 is depicted in FIG. 7 for production of a woven fabric, similar principles can be 
incorporated in the production of a knitted fabric. 

With the weaving process of FIG. 7, the fibers of the fabric 100, including the electrical 
conductive fibers, are produced on a loom 162. Harnesses 164 produce a woven fabric 1 10, after 
which the fabric 110 passes through a beater roll 166. After passing through the beater roll 166, 
junction points 152 in the fabric 1 10 are formed by one or more textillography devices 168 that 
may be disposed, for example, on a rail 170. The textillography device desirably operates in real- 
time during the production process at the desired warp/filling intersection, after the fabric 1 10 
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has been formed (e.g., after the beater 166, as shown). Preferably, the rail 170 is movable in both 
the x-, y-, and/or z-directions and can accommodate multiple textillography devices in order to 
form more than one junction at one time. Additionally, the system 160 may include an array of 
rails 170 where the textillography devices can form the junction either at one time, or in 
sequence. 

The junction points 152 are therefore woven into the fabric or textile 174, after which the 
fabric 174 is spooled up on a take-up roll 176. It should be noted that when an array of rails 170 
is used to hold textillography devices 168, the distance between the first rail and the take-up roll 
176 may be much longer than that depicted in FIG. 7. 

FIG. 8(a) shows an enlarged side view of an exemplary textillography device 168 that 
may be disposed upon the rail 170. The textillography device 168 includes an optional first 
dispenser 178 that deposits the solvent at the junction point 152. A sonotrode 120 is disposed 
laterally in relation to the optional first dispenser 178, with the anvil 118 being disposed beneath 
the junction point 152 on the fabric 1 10. An optional second dispenser 180 for dispensing 
conductive paste is laterally disposed near the sonotrode 120. FIG. 8(b) shows the top view of 
the fiber or yarn intersection profile on the anvil 118. While an ultrasonic welding device has 
specifically been depicted in FIGs. 8(a) and 8(b), similar textillography devices 168 can, 
alternatively, have a dispenser for chemical bonding, or a laser for laser-etching, in order to 
establish the electrical junction between two fibers in the fabric 110. 

FIG. 9 illustrates the textillography device 168 in operation, through three steps. At 
optional Step 1, a fabric 110 that includes intersecting electrical conductive fibers is disposed 
between the anvil 118 and the dispenser 178. The dispenser 178 dispenses solvent to dissolve 
insulation around the fibers specifically at the location of the junction point 152. At Step 2, the 
fabric 1 10 is disposed beneath a separate component of the textillography device 168, where it 
undergoes the establishment of an electrical connection between the fibers. As shown in FIGs. 6- 
8, the junction may optionally be established by the anvil 118 and the sonotrode 120. At optional 
Step 3, a conductive epoxy is placed on the junction points 152 via dispenser 180. 

It should be emphasized that the above-described embodiments, particularly any 
"preferred" embodiments, are merely possible examples of implementations, and are merely set 
forth for a clear understanding of the various principles of the invention. Many variations and 
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modifications may be made to the above-described embodiment(s) without departing 
substantially from the spirit and principles of the disclosed methods and systems. All such 
modifications and variations are included in the scope of this disclosure and protected by the 
following claims. 
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